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Introduction
NR Work Item (WI) on further enhancements on MIMO (FeMIMO) [1] defines the following objective of performance part:
	· Specify necessary UE performance requirements for the specified enhancements


The WI Description (WID) also includes the following features to be specified that have a purpose to improve performance of multi-TRP Tx schemes:
	· Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
· Identify and specify features to improve reliability and robustness for channels other than PDSCH (that is, PDCCH, PUSCH, and PUCCH) using multi-TRP and/or multi-panel, with Rel.16 reliability features as the baseline 
· Identify and specify QCL/TCI-related enhancements to enable inter-cell multi-TRP operations, assuming multi-DCI based multi-PDSCH reception


In this paper we provide our view on introduction of PDSCH requirements for inter-cell operation as well as for PDCCH repetition Tx scheme.
Discussion
PDSCH requirements for inter-cell operation
Rel-16 multi-TRP operation was limited to intra-cell operation only. The main limitation to extend it to inter-cell operation, is that a non-serving cell SSB from a second TRP (with a different PCI) cannot be used as QCL source in the serving cell configuration because UE is only aware of one PCI in the serving cell. To address this issue, RAN1 has allowed to support of RRC configuration of additional PCI different from serving cell associated with the TCI state and/or QCL-info. In this case multi-DCI multi-TRP Tx scheme can be configured in the inter-cell operation mode that is beneficial from perspective of a coverage improvement.
For intra-cell multi-DCI multi-TRP operation scheme RAN4 has introduced demodulation performance requirement to verify proper UE receive processing under such configuration. Two non-overlapped PDSCHs are scheduled during the test and receive time difference between them emulates propagation delay difference. It is important to point out that UE implementation with a single FFT window has been assumed in RAN1 and RAN4. 
According to the conducted study [2] receive time difference can be negative and positive depending mainly on a UE synchronization strategy. Typical values of receive time difference for UMa deployment with ISD as 500m is in the range [-0.5;2]us. For performance requirements for multi-DCI Tx scheme -0.5us value was chosen. Other values have been used in test cases with another multi-TRP Tx scheme configurations.  
From receive time difference distribution there is no difference whether inter-cell or intra-cell operation is assumed because the same principle of the single FFT window has been used for Rel-17 inter-cell operation mode: 
	Agreement [3] 
The UE may assume received DL transmission from multiple TRP within a CP in FR1 and FR2


Therefore, the same values as [-0.5;2]us range are applicable for inter-cell multi-TRP operation scenario. From receive processing perspective, we also do not see a difference between scenarios when inter-cell or intra-cell multi-TRP configuration is considered. In both scenarios UE should do simultaneously independent demodulation for each PDSCH. The formal difference is in only of SSB PCIs received from two TRPs. In this case we do not see a value to define the dedicated performance test case for multi-DCI inter-cell multi-TRP Tx scheme at least with the same non-overlapped PDSCH configuration.
Observation #1: Performance test cases for Intra-cell multi-DCI multi-TRP Tx scheme can be used to guarantee intra-cell operation as well at least with the same PDSCH configurations. 
The following options were agreed for further discussion previous meeting [4]:
	Issue 3-3-1: Whether to define PDSCH requirement for Multi-TRP inter-cell operation 
· Option 1:  Yes
· Option 2:  No
· Option 2a: Discuss the following alternatives how to guarantee demodulation performance for inter-cell multi-DCI multi-TRP Tx scheme
· Alt1: Define applicability rule for UE that supports “IntCell-Mtrp” feature that if such UE satisfied Rel-16 minimum requirements for PDSCH multi-DCI based transmission scheme, inter-cell operation can be also guaranteed.
· Alt2: Add a note to specification that if UE supports “IntCell-Mtrp” feature, minimum requirements for PDSCH multi-DCI based transmission scheme is applicable for this UE, but test configuration (i.e., RRC, SSB) should reflects inter-cell operation mode. Applicability rule between requirements for intra-cell and inter-cell scenarios can be further discussed.
· Option 2b: Not to define PDSCH/PDCCH demodulation requirement for inter-cell Multi-TRP transmission if intra-slot PDCCH repetition demodulation requirement is agreed to be introduce


We do not recommend defining the dedicated requirements for inter-cell operation. However, from specification perspective it is better to clearly capture that already defined requirement cover this scenario. Alternative two in Option 2a is the simplest way to do this.
Proposal 1:	Define applicability rule for UE that supports “IntCell-Mtrp” feature that if such UE satisfied Rel-16 minimum requirements for PDSCH multi-DCI based transmission scheme, inter-cell operation can be also guaranteed (Option 2a Alt1).

PDCCH Enhancements
In PDCCH repetition scheme encoding/rate matching is based on one repetition, and the same coded bits are repeated for the other repetition. Each repetition has the same number of CCEs and coded bits, and corresponds to the same DCI payload.
	[image: ]

	Figure 1. FDM and TDM PDCCH repetition schemes


Repetition can be performed in spatial, time and frequency domains. Repetition in spatial domain referrers to PDCCH SFN Tx scheme and relates to HST-SFN Scheme A feature. TDM and FDM repetition schemes refer to a separate multi-TRP PDCCH repetition feature (Figure 1).
In FDM/TDM repetition scheme two linked search spaces (SS) associated with a single CORESET and two PDCCH candidates are explicitly linked together. In this case UE has different options how to perform PDCCH reception depending on UE capability on number of supported Blind Detections (BD): separate decoding for each candidate, separate decoding for each candidate + combined decoding. 
Soft combining of two PDCCH candidates has big impact on UE implementation. Therefore, we suggest defining corresponding performance requirements.
TDM scheme was mainly defined for single panel FR2 operation. Same time FDM scheme allows latency advantage compared to the TDM scheme. In this case we propose to define performance requirements for PDCCH FDM repetition scheme only.
Proposal 2:	Define demodulation performance requirement for PDCCH FDM repetition scheme only.
As for simulation assumptions, the following options were proposed previous meeting: 
	· Option 1:
	Parameter
	Value

	
	FDD 15 kHz SCS
	TDD 30 kHz SCS

	CBW
	10 MHz
	40 MHz

	Antenna configuration
	2x2; 2x4 (2Tx for each TRP)

	CORESET RB
	24
	48

	CORESET Duration
	2

	Aggregation level
	4, 8

	CCE-REG mapping
	Non-interleaved

	REG bundle size
	6

	Propagation conditions
	TDLA30-10

	Test metric
	SNR @1% Probability of missed downlink scheduling grant



· Option 2: Reuse the configuration of the existing cases, such as
· Test 1 in Table 5.3.2.1.1-1/Table 5.3.3.1.1-1 for 1T2R and 1T4R 
· Test 2 in Table 5.3.2.1.2-1/Table 5.3.3.1.2-1 for 2T2R and 2T4R


The first difference between Option 1 and Option 2 is that Option 2 proposes to define requirements for both 1Tx and 2Tx antennas. However, to cover PDCCH repetition feature a single scenario is enough. Therefore, we suggest considering only scenario with 2 Tx antennas. 
Proposal 3:	Define requirements for PDCCH repetition scheme only with 2Tx antennas.
CORESET RB, CORESET Duration, CCE-REG mapping and REG bundle size parameters are same in both options. Different aggregation levels are proposed in two Options: 4, 8 vs 2, 8. We do not have a strong preference on this and fine to align this configuration with normal PDCCH requirements. The new Option 3 on PDCCH simulation assumptions is provided in Table 1. 
Table 1. PDCCH simulation assumptions
	Parameter
	Value

	
	FDD 15 kHz SCS
	TDD 30 kHz SCS

	CBW
	10 MHz
	40 MHz

	Antenna configuration
	2x2; 2x4 (2Tx for each TRP)

	CORESET RB
	24
	48

	CORESET Duration
	2

	Aggregation level
	2, 8

	CCE-REG mapping
	Non-interleaved

	REG bundle size
	6

	Propagation conditions
	TDLA30-10

	Test metric
	SNR @1% Probability of missed downlink scheduling grant



Proposal 4:	Consider simulation assumptions from Table 1 for PDCCH repetition Tx scheme requirements definition.
Conclusion
In this paper we provided the view on the requirements definition for multi-TRP Rel-17 enhancements. The following proposals are made:
Proposal 1:	Define applicability rule for UE that supports “IntCell-Mtrp” feature that if such UE satisfied Rel-16 minimum requirements for PDSCH multi-DCI based transmission scheme, inter-cell operation can be also guaranteed (Option 2a Alt1).
Proposal 2:	Define demodulation performance requirement for PDCCH FDM repetition scheme only.
Proposal 3:	Define requirements for PDCCH repetition scheme only with 2Tx antennas.
Proposal 4:	Consider simulation assumptions from Table 1 for PDCCH repetition Tx scheme requirements definition.
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